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SuPAR levels in BAL fluid from patients
with acute respiratory distress
syndrome—a pilot study
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Blood levels of the soluble form of the urokinase plas-
minogen activator receptor (suPAR) predict mortality in
patients with bacteremia and acute kidney injury [1, 2];
however, data on bronchoalveolar lavage fluid (BALF)-
suPAR levels obtained from acute respiratory distress
syndrome (ARDS) patients are missing.
In this study, BALF-suPAR levels were assessed in pa-

tients with ARDS (n = 30) and in patients without evi-
dence of active pulmonary disease (n = 4). ARDS was
classified according to the Berlin definition [3], inde-
pendently confirmed by two intensivists, and categorized
into viral and bacterial ARDS. BALF was obtained by in-
stillation of sterile saline via fiberoptic bronchoscopy,
and specimens were collected in a sterile container.
suPAR levels were measured in batch using an ELISA
(suPARnostic®, ViroGates A/S, Copenhagen, Denmark).
The study protocol was approved by the Institutional
Review Board of the Medical University of Graz, Austria
(27-104 ex 14/15, amendment 2019).
Median age was similar (57 vs. 62 years, p = 0.49),

while blood platelets (289 vs. 181 G/L, p = 0.04) and C-
reactive protein (3 vs. 176 mg/L, p < 0.001) differed sig-
nificantly between controls and ARDS patients. Median
SOFA score was 11 points, median oxygenation index
was 146 (IQR 102–186), and ICU mortality was 43% in
ARDS patients. In the viral ARDS group, three patients
suffered from PCR-confirmed SARS-CoV-2 infection
and 11 patients suffered from severe PCR-confirmed in-
fluenza A infection, and showed no evidence for bacter-
ial or fungal co-infection. In the bacterial ARDS cohort
(N = 16), 10 patients had a positive bacterial culture or

PCR from BALF specimens [Legionella pneumophila
(N = 2), Pseudomonas aeruginosa (N = 1), Streptococcus
pneumoniae (N = 2), Stenotrophomonas maltophilia
(N = 1), Chlamydia pneumoniae (N = 1), Klebsiella pneu-
moniae (N = 1), Escherichia coli (N = 1), Mycoplasma
pneumoniae (N = 1), Brevundimonas sp. (N = 1),
Staphylococcus aureus (N = 1)]. In six patients, labora-
tory values, radiological imaging, and clinical presenta-
tion were consistent with bacterial pneumonia, but
microbiological testings remained negative.
Median BALF-suPAR levels were 1.0 ng/mL (inter-

quartile range (IQR) 0.5–1.9) in the control group and
10.8 ng/mL (IQR 5.5–26.7) in the ARDS cohort (p =
0.008). Median BALF-suPAR levels in patients with bac-
terial- and viral-caused ARDS were 16.5 (IQR 6.9–34.4,
p = 0.003 compared to controls) and 9.5 ng/mL (IQR
1.8–15.0, p = 0.061 compared to controls), respectively
(Fig. 1). BALF-suPAR levels were not significantly differ-
ent between influenza A- and SARS-CoV-2-caused
ARDS (9.1 vs. 9.8, p = 1.000).
BALF-suPAR levels correlated significantly with age

(Spearman’s rho = 0.36, p = 0.05) and white blood count
(r = 0.37, p = 0.04), but did not correlate significantly
with SOFA score (r = 0.02, p = 0.94) or oxygenation index
(r= − 0.05, p = 0.81) in ARDS patients. Furthermore, BALF-
suPAR did not correlate significantly with absolute blood
neutrophil count (r = 0.33, p = 0.09), blood CRP (r = 0.11,
p = 0.58), or blood PCT (r = 0.09, p = 0.65).
To our knowledge, this is the first study that investi-

gated BALF-suPAR levels in ARDS patients. We were
able to show that BALF-suPAR levels are significantly
higher in patients with ARDS compared to control pa-
tients without active lung disease. Patients with bacterial
ARDS had a tendency to higher BALF-suPAR levels
compared to patients with viral ARDS. The higher
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concentration of BALF-suPAR in bacterial ARDS may,
at least in part, be explained by the main cellular source
of suPAR, as it was recently shown that blood neutro-
phils are a major source of circulating suPAR [4].
One of the main limitations, which universally influ-

ences quantitative BALF biomarkers, is the wide variance
in the amount of applied and retrieved fluid volume, and
the volume of fluids already present within the lung.
Therefore, it may be more important to use these parame-
ters for rule-out purposes at a defined cutoff rather than
rely on the exact numeric values. Additionally, in future
studies, correlation of BALF and serum suPAR, as well as
the influence of antimicrobial therapy or underlying dis-
eases on suPAR levels, should be investigated.
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Fig. 1 Boxplots of suPAR levels in bronchoalveolar fluid in the study population—bacterial ARDS cohort (n= 16; gray box plot bars), viral ARDS cohort
(n= 14; white box plot bars), and control cohort (n= 4; dark-gray box plot bars). Controls received diagnostic routine bronchoscopy and bronchoalveolar
lavage, and further diagnostic work-up of suspected pulmonary disease remained inconspicuous. Reasons for bronchoscopy were suspected sarcoidosis in
two individuals, chronic cough in one individual, and long-term follow-up bronchoscopy after lung carcinoma resection in one individual. Statistical
analyses: p= 0.003 between control and bacterial cohort, p= 0.06 between control and viral cohort, and p= 0.09 between bacterial and viral cohort. ARDS,
acute respiratory distress syndrome; BALF, bronchoalveolar fluid; suPAR, soluble urokinase plasminogen activator receptor
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